Effect of dietary phosphorus deficiency on the growth, immune function and structural integrity of head kidney, spleen and skin in young grass carp (Ctenopharyngodon idella).
This study evaluates the effects of dietary phosphorus on the growth, immune function and structural integrity (head kidney, spleen and skin) of young grass carp (Ctenopharyngodon idella) that were fed graded levels of available phosphorus (0.95-8.75 g/kg diet). Results indicated that phosphorus deficiency decreased the growth performance of young grass carp. In addition, the results first demonstrated that compared with the optimal phosphorus level, phosphorus deficiency depressed the lysozyme (LZ) and acid phosphatase (ACP) activities and the complement 3 (C3), C4 and immunoglobulin M (IgM) contents, and down-regulated the mRNA levels of antimicrobial peptides, anti-inflammatory cytokines, inhibitor of κBα (IκBα) and target of rapamycin (TOR), whereas it up-regulated pro-inflammatory cytokines, nuclear factor kappa B (NF-κB) p65 and NF-κB p52 mRNA levels to decrease fish head kidney and spleen immune functions. Moreover, phosphorus deficiency up-regulated the mRNA levels of Kelch-like-ECH-associated protein 1a (Keap1a), Fas ligand (FasL), apoptotic protease activating factor-1 (Apaf-1), Bcl-2 associated X protein (Bax), caspase -2, -3, -7, -8 and -9, p38 mitogen-activated protein kinase (MAPK) and myosin light chain kinase (MLCK), whereas it depressed the glutathione (GSH) contents and antioxidant enzymes activities, and down-regulated the mRNA levels of antioxidant enzymes, NF-E2-related factor 2 (Nrf2), B-cell lymphoma protein-2 (Bcl-2), myeloid cell leukemia-1 (Mcl-1) and tight junction complexes to attenuate fish head kidney and spleen structural integrity. In addition, phosphorus deficiency increased skin hemorrhage and lesions morbidity. Finally, based on the percent weight gain (PWG) and the ability to combat skin hemorrhage and lesions, the dietary available phosphorus requirements for young grass carp (254.56-898.23 g) were estimated to be 4.10 and 4.13 g/kg diet, respectively. In summary, phosphorus deficiency decreases the growth performance, and impairs immune function and structural integrity in the head kidney, spleen and skin of young grass carp.